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Plasmin  is  a  constituent  of.  the  proteolytic  env.yino  system  of  bloc<i  plasma. 

It  in  a  proteinase  which  digests  casein,  gelatin,  fibrin,  and  several  other 
proioi no  into  polypeptides.  It  is  active  over  a  pH  range  of  5  to  9.  The  optimum 
pH  is  dependent  upon  the  substrate  employed.  For  casein,  it  is  about  pH  ?. 

Plasmin  -was  formerly  known  as  serum  tryptaso.  In  order  to  avoid  confusion 
with  pancreatic  trypsin  and  to  denote  its  presence  in  serum,  the  name  "plasmin" 
was  gradually  adopted  about  20  years  ago  (1). 

At  neutral  and  basic  pH,  pi  tin  is  almost  completely  inactive  in  fresh 
whole  serum.  In  whole  serum,  plasmin  is  active  only  after  treated  as  described 
in  this  paper.  At  acid  pH  values,  on  the  other  hand,  plasmin  is  completely 
active.  In  the  acid  range,  it  exhibits  a  maximum  at  pH  5.8.  This  acid  ranee 
maximum,  however,  is  not  identical  with  the  actual  pH  optimum  which  is  pH  ?  in 
fresh  whole  serum  (6). 

Plasmin  can  be  activated  in  the  following  ways: 

(1)  Shaking  of  serum  with  chloroform. 

(2)  Addition  of  very  dilute  acetic  acid  to  the  serum;  this  causes  the  coarsely 
dispersed  globulins  (euglobulm)  to  precipitate  quantitatively  at  pH  5.6.  The 
precipitated  globulin  contains  almost  all  of  the  plasmin  activity. 

(3)  Addition  of  a  casein  solution  to  the  serum  with  consequent  precipitation 
of  the  casein  with  an  acetic  acid-acetate  buffer  solution.  In  the  casein  precipi¬ 
tate,  fiO  %  of  the  plasmin  is  present  in  active  form. 

(!•)  Incubation  of  the  serum  with  streptokinase. 

(5)  Addition  of  certain  dehydrating  reagents  such  as  alcohol,  phenol,  acetone, 
and  others  to  the  serugi, 

(6)  Storage  of  the  serum  in  toluene  at  low  temperatures.  This  causes  a  gradual 
activation  of  the  plasmin  as  a  result  of  gradual  physico-chemical  changes  (partly 
disaggregation  of  serum  proteins).  The  alterations  take  place  when  whole  serum 


is  incubated  after  the  additon  of  a  casein  solution.  "'here  is  no  breakdown  of  the 
casein  within  the  .first  to  6  days.  .At  longer  incubation;;,  hov<-v<  r,  a  gradual, 
steady  breakdown  takes  place  resulting  in  almost  complete  breakdown  of  the  casein 
In  about  'i  weeks  (7). 

As  a  result  of  the  several  possible  means  of  activating  plasinin,  a  variety  of 
techniques  for  the  determination  of  plasmin  activity  iu.vo  boon  published  by  various 
authors.  However,  all  of  these  techniques  allow  several  different  procedures  for 
the  preparation  of  tho  starting  material  used  in  the  incubation  procedure.  This  is 
true  for  the  preliminary  treatment  of  the  serum  with  streptokinase,  for  the  pro¬ 
duction  of  active  plasmin  by  separation  from  the  euglcbin  by  acetic  acid-acetate 
precipitation,  oi ■  for  the  adsorption  of  plasmin  onto  casein  and  the  consequent 
precipitation  by  the  addition  of  acetic  acid-acetate  buffer  (10). 

Our  own  experiments  employed  a  simple  procedure  whereby  the  plasmin  was  acti¬ 
vated  by  the  addition  of  acetone.  For  carrying  this  out,  a  buffer  solution  con¬ 
taining  acetone  is  added  and  than  a  solution  of  casein  is  added.  In  this  manner, 
the  mixture  can  be  prepared  in  just  one  step.  The  mixture  is  then  divided  into 
two  equil  aliquots.  One  of  the  aliquots  is  deproteinized  immediately  by  the 
addition  of  trichloroacetic  acid.  The  other  aliquots  is  deprctcinizeu  in  the  same 
manner  after  2lj  hours  of  incubation.  The  resulting  breakdown  Droducts  (tyrosine, 
tryptophane,  anH  phenylalanine)  are  determined  colorimetrically  using  the  x ant ho- 
protein  reaction.  This  method  is  preferred  over  the  Folin-phenol  reagents  because 
of  the  longer  duration  of  the  color  that  develops  (B). 

Rased  on  the  result'  that  were  obtained  from  over  1000  determinations,  this 
method  appears  to  be  very  well  suited  for  routine  clinical  estimations.  For  the 
elim-i  nation  cf  sources  of  t.ior,  we  have  prepared  the  necessary  technical  procedures 
to  be  followed.  The  following  details  are  presented: 
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1  The  following  reagents  are  roouired  for  carrying  out  the  determi nation: 

(1)  Acotono-lnif  for  mixture.  One  part  acetone  (analytical  grade )  is  mixed 
v.’ith  5  parts  of  phosphate  buffer  solution  (pH  -■»  7.01  )•  Tho  buffer  solution  was 
prepared  according  to  tin;  procedure  of  "Sorenson”  or  by  using  Testol  Standard 
buffer  purchased  from  the  firm  "Feinchcmie" ,  Sebentiz  (Sn.). 

(2)  2  %  casein  solution  in  phosphate  buffer  (pH  «*  8.0  l)» 

;  (3)  10  %  trichloroacetic  acid  pro  anal. 

(Jj)  25  %  nitr  ic  acid  pro  and. 

(5)  33  %  solution  of  sodium  hydroxide  pro  anal.  ( prepared  preferably  from 

solid  sodium  hydroxide). 

PROCbi-KIftB:.  To  1  ml  of  serum  are  added  3  ml  of  acetone-buffer  mixture  (l)  and 

2  ml  of  2  %  casein  solution  (2).  This  starting  material  contains  1/12  vol.  % 
acetone  which  is  the  optimum  concentration  for  the  activation  of  plasmin  and 
corresponds  to  a  pH  of  7* 0-7.1  which  is  the  optimum  for  activity. 

From  this  6  ml  mixture  that  is  obtained,  one  3  ml  aliquots  is  deproteinized 
at  once  by  the  addition  of  3  ml  of  10  %  trichloroacetic  acid  (3)«  The  remaining 

3  ml  alj quot 'is .deproteinized  in  the  same  manner  after  2)j  hours  of  incubation 
at  37°C  (toluene  addition). 

!  The  filtrates  that  ore  obtained  after  deproteinization  must  be  water-clear. 
Exactly  2  ml  of  the  filtrate  are  employed  for  performing  the  protein  determina¬ 
tion  using  the  xanthoprotein  reaction.  To  the  2  ml  aliquot  is  added  0.5  ml  of 
25  %  HNO^.  The  mixture  is  heated  in  a  boiling  water  bath  for  3  minutes  (the 
time  is  measured  from  the  beginning  of  boiling  of  the  contents  of  the  tube). 

After  cooling,  1.5  ml  of  33  %  KaOH  is  added.  The  slight  turbidity  which  develops 
is  the  result  of  traces  of  earth  alkalies.  This  does  not-  interfer  with  the 
colorimetric  measurements  and  can  be  removed  by  centrifugation.  Tho  color  which 
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dovolops  is  measured  in  o  "Sin fen  photometer"  us>ng  the  met 
in.;  .i  5hd  hi  Iter.  The  color  readings  are  converted  into  tyrosine  units  by 
means  of  u  standard  curve.  The  difl'orenee  in  color  i  ntonsity  before  ami  after 
incubation  corresponds  to  tho  incrotino  in  degradation  product:;,  1  mm 1 ) c h  as  they 
contain  tyrosine,  tryptophane,  and  phenyl a!l r.niiic.  This  difference  is  a  pleasure 
or  the  plasm  in  activity.  Based  on  experience,  tho  starting  material  before  incu¬ 
bation  (jives  "allies  of  3-6  <f  tyrosine  per  ml.  This  is  the  result  of  traces  of 
suostance'-  present  such  as  arena  tie  amino  a^ids  and  potassium  sulfate  y!n.ch  give 
a  positive  xanthoprote in  reaction.  In  addition,  casein  solutions  which  ha Vo  been 
completely  deproteini.'/ed  contain  very  small  amounts  of  substances  which  are 


present  in  the  filtrates  and  give  positive  reactions. 

After  incubation,  the  increase  due  to  plasmin  activity  in  normal  scrum 
amounts  to  12  to  20  f  tyrosine  per  ml  of  filtrate. 

In  order  to  determine  the  tyrosine  values  for  all  of  the  starting  material, 
the  results  must  bo  multiplied  by  a  factor  of  6,  as  the  original  3  ml  aliquots  of 
starting  material  were  diluted  to  6  ml  with  trichloroacetic  acid  and  the  tyrosine 
values  determined  color  ime  trie  ally  are  for  1  ml  of  doproteinized  starting  Material 
For  the  sake  of  simplicity,  the  results  found-  in :ths  f ollowing  discussions 
■will  te  given  j.n  ^  tyrosine  per  1  ml  of  starting  material.  In  evaluating  the 
results,  only  the  ratios  of  the  values  are  of  significance  and  these  are  not 
changed  by  multiplying  the  values  by  6. 

Furthcnnore ,  the  following  technical  details  must  be  observed: 

Preparation  of  the  2  %  casein  solution.  "Casein  according  to  Hammers ten" . 
Casein  obtained  from  the  firms  Merch  or  Wordmark  is  recommended  because  of  im¬ 
proved  solubility,  more  constant  composition,  and  more  consistent  proteinase 
sensitivity. 


O!  VA\l\;  C.-l 


(wsicfcly  V*'.Y  ":).(2) 


pri  l’.-l,  1  on:; ,  kov.-vyr,  con!,:  in  1 1 V  c,v.;::.:  of  the  piv  mice  of  miner.-.  3 

Oonnlitr.ontn.  An  r.  ;v :;ult ,  it  ! ..  r.. :  .-ry  !-.•  ;tri pare  a  2  solution  which 
ha  15  tho  coiTnot  I;  cor. Lent  in  mvh.r  to  .•ohieve  a  reprcduci'clo  k:.;;.  1  I  no  i'or  the* 
doti  ruinations.  in  order  to  accomplish  thin,  a  somewhat  larger  exeunt  of  the 
ennmcrc j nl  wrcviuct  in  weighed  out  a;:.:  dissolved  in  TOO  ,r.l  o'-  Inf  for  (pH  8.0). 
After  tiie  K  content  has  Dean  dcier.mi  nod ,  this  stock  solution  is  diluted  wit!: 
an  appropriate  volume  of  the  some  buffer  in  order  Lo  obtain  a  ?  '■  casein  solu¬ 
tion  with  tae  correct  N  content.  The  volume  of  buffer  solution  renin  red  (:>:) 
is  c«]  culated  using  the  fell  owing  equation:  x  «=  50*C  -100,  where  C  is  tlie 
concentration  of  casein  in  the  stock  solution.  For  example,  if  3.5  gm  of 
material  had  been  used  for  preparation  of  the  stock  solution  and  a  N  content 
corresponding  to  2.9  '%  casein  was  determined,  then  x  would  be  h5  ml. 

When  the  constant  composition  of  the  above-mentioned  commercial  products 
is  token  into  consideration,  one  can  calculate  the  value  of  x  which  has  to  be 
weighed  out  in  order  to  obtain  a  2  %  solution. oi‘  casein.  This  calculation  is 
carried  out  using  the  equation  x  »2a:b  where  a  *  a  given  weighed  amount  of  the 
commercial  product  and  b  »  the  amount  of  pure  casein  which  "fctie  commercial  pro¬ 
duct  contains.  In  the  previously  mentioned  case,  the  calculations  would  be  as 
follows:  x  -  2*3.5’:  2.9  *  2.1;.  Thus,  2,1;  gm  of  commercial  product  dissolved 
in  100  ml  of  buffer  would  result  in  a  2  %  casein  solution  with  the  correct  IT- 
content.  Far  the  sake  of  reliability,  a  final  M-dc- termination  is  recommended . 

In  order  to  obtain  a  complete  end  rapid  solution  of  the  casein,  the  weighed 
material  is  ground  in  a  mortar  with  a  email  amount  of  buffer  solution,  rinsed 
into  a  beaker  with  more  buffer  solution,  and  then  dissolved  in  a  hot  water  bath. 
After  cooling,  the  solution  is  filtered  into  a  ICO  ml  volumetric  flask  and  the 


sol  ntj  on  in  diluted  i.o  tho  u-h  t.h  V;.f,'..-r  ,-.o1i  rn.  Cklrr<<  i  til  ■■■■•:  ■ 

i:  and  the  ..vOni,  b-n  r.  stored  in  th.  avfi  '■  ■  rr.tor  .  f  ‘?fr.  VI:.;  solution  in 

Unshlr  Ini',  .'i. :  j  . '  I,;,.:;;  .  v  l.  .  i' ...  "  ...  .-..Mrii.  a  i  S:  ;  i  ;  r:' 

ri  i  orc'-orpsrn  r-;..;;,  a  spent. 'neon:;  i]  i no?': :r. w.l •  •: i  ia'  t}.>  e.'icvji.ti  .•sc.l.'cu’o  occurs  nftiv 
a  rurisin  period  nf  time.  'j>:.  ■  n  ..ul it.  !  r  ; ' : .  c  p.jvl  •  t.;u  «si, 

increased  amounts  of  doi'radation  product:,  can  ^.uckili  '••}:«  nrct.ri reno- 
pi’nin  ti  v  i  t'/  in  increased  been  urn  the  c  avoir.  (in  old  aouu.i  oas '  in  dig.-sted  moiv 
i upidly  than  in  car.ein  in  .’rush  solutions.  !. s  a  result  of  this,  t  h.  .  ,„ults 
tin:  expori it. onto  carried  out  unlit;  old  sol ut-io:..:  niv  no  lor.,;cr  rn'oic  and 

Cannot  to  used . 

before  tlie  start  of  seme  experiments,  the  protcinase-sensitivi ty  of  the 
cnc.cir.  mui.t  be  rioterninad  by'  carry  in.:  out  several,  detorminaii  or.::  usi;.:  i’rcr. 

healthy  individuals.  The  values  should  lie  between  If  and  ?0  tyrrosine  unite. 
lr.  addition  to  serum,  one  can  also  employ  a  freshly  prepared  solution  of  trypsin 
(1:^0,000).  In  this  cose,  the  increase  in  degradation  products  correspond::  to 
2  6  -  j(->  iY  tyrosine  per  ml  according  to  our  results.  Vo  have  i  mployeJ  trypsin 
from  Merck  or  Noranark  of  which  1  gm  corresponds  to  the  effect  of  o  minir.un  of 
1:0,000  Gross-Fuld  units.  The  solution  is  prepared  in  phosphate  buffer  (pH  3.0) 
and  the  final  pH  of  such  a  solution  lies  exactly  betv’uen  7. 0-7.1,  the  same  as 
in  tho  case  of  serum. 

In  tho  clinical  determinations,  the  determinations  were  usually  carried  out 
in  duplicate.  The  instrument  values  were  most  always  the  came  or  differed  from 
each  other  by  not  more  than  0.01. 
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cuiiVi.rr.i on  of  extinction  vr.liu'::.  into  *y:n:oi:;n  nnit.j#  0*1  : of  o  hr:;- i  Colly 
pure  ty rusino  is  di  ssolved  in  about  $0  ml  of  1:/10  HC1  v:ith  liyht  hentin-;.  Tin; 
solution  in  rinsed  into  a  100  ml  volumetric  •'  I .  vk  vr  th  V.  /\0  MCI  anti  then  diluted 
to  100  ml.  Usin;;  this  1:1,000  tyrosine  solution,  one  prepare  a  scries  of  dilu¬ 
tions  villi  a  voluiiie  . a’  10  ml  .  'id  ,mvr  a  tvresir.a  o or. ten*  of  M,  lie,  20,  10,  S'O, 
and  80iftyr.aine  per  ml. 

2  nil  of  each  dilution  are  c. ployed  in  th'"  performance  of  the  x;miiieprotcin 
r.  notion  which  has  already  been  described.  The  extinction  values  that  are  obtained 
plotted  against  the  concentration  of  tyrosine  and  a  standard  cui-ve,  consisting 
cf  a  straight  line,  is  obtained  (see  Figure  l). 

For  carrying  out  trie  xanthoprotcin  reaction,  only  a  2 h  %  HKO^  solution  can 
bo  used  since  at  higher  concentrations  of  acid,  an  additional,  intcrferrir.g  yellcv 
color  is  produced.  As  far  as  the  purity  of  the,  other  re a rents  is  concerned,  it 
should  be  pointed  out  that  the  trichloroacetic  acid  solution  must  ’oe  co]  orinss  and 


clear  as  water.  A  yellow  color  which  k widen  occurs,  can  be  removed  by  shaking  the 
trichloroacetic  acid  solution  with  activate  charcoal  and  than  filtering  it. 


Cooious  cunr.uities  of  chloroform,  arc  added  to  the  buffer  solutions  i  r.  •vdiately 


tion.  Thymol,  sublir.iato,  and  other  preservative  should  not  be  used. 
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tho  ral  ci-.hliiiori  of  tin.  pa  Li.  nt,  the  severity  ?  i.l  .v  iir-  Ic:  *th 

of  i . i - •  ’1  I  iv. 

Vi.u'.’-:)  a  act.!  vi  tv  ir.  o.duei.d  in  certain  forms  of  a  semi  ns ,  '■■■•  phrorc  ,  in 

cirri:;.:.  :  -if  *  '  i-  i.j  YvT,  o-.e’ i  C  ocr.c:  it  •  of  i  •  *  i.; 

ineivas.  i:i  "cut  hepati  t-1  paucreai.  1  hi  ,  pr< '  rhfl.",.  end  .--urL] 

diseases  of  swl  ’  i  nj  or  tun  ora .  In  theec  regards,  the  following  obsorv;:-.  ionr. 

7’Ti  ?  d  . 

(1)  The  low.  i,  v;  lues  wore  founu  In  a  c.-  re  of  lipoid  nephritis  which  <k*- 
vol  I'poii  after  a  »•  of  rout.:  ;■;!  .••..wrulcr.or.hr L u :.u*  The  clinical  picture  vc.s 
clnar.  The  dia<7iosi s  was  later  con finned  by  autopsy.  The  treatment  consi rted 
mostly  of  a  protein-rich  diet,  Pivoni  union,  and  rlr.raa  inf  onion::. 

luring  the  first  weeks  after  admission  of  the  patient,  the  plarmin  activity 
vas  very  much  reduced  and  could  hardly  be  dotocted.  The  level  wan  around  1  .V 
tyrosine  per  ml.  The  patient  vas  observed  continually  over  a  period  of  two  years. 
After  intense  treatment,  the  plasmin  activity  remained  around  h  \f  and  very  seldom 
reached  7  -  B  .  The  values  that  were  obtained  were  always  considerably  below 
the  lever  normal  limit  of  12  The  patient's  condition  improved  but  y  3  ear 
later,  he  died  with  a  nephrotic  othropy  of  vhe  kidney. 

In  other  cases  of  nephropathies  with  pronounced  proteinurias,  a  he  plasrr.ir. 
values  Were  also  markedly  uecreasi  d ,  but  not  ar  much  as  in  the  abovo-menti  or.  ri 
c«'‘uO  01  1 2- poi.u  ncpnrosiii. 

(2)  in  anemias  which  are  the  result  of  the  lack  of  iron  or  the  loss  of 
bleed,  the  values  for  plasmin  usually  ranged  between  3  and  ?(i  .  In  er.„  case  of 
agastric  anemia  where  there  vas  only  33  f‘.  In  a:  -lobin,  a  value  c;  b  j'  was  I’ o'  :;  ;. 


_.Q_ 


Anemia:;  v.'hich  ni\:  the  result  of  tumor  grow the  sometimes  shew  decreased  values. 

The  results  obtained  with  patients  with  tus.ors  vary  according  to  the  extent  of 
the  tumor  growth  and  with  the  no  Moral  condition  of  the  patient. 

In  one  ease  of  splenomegaly  with  moderate  anemia  (73  %  hc-mcglobi  n),  after 
removal  of  the  epic  on,  values  ranging  between  ?  ar.d  9  X  ware  obtained.  The 
histological  examination  revealed  only  non-specific,  chronic  inflammatory 
alterations. 

Cirrhcses  of  the  liver  in  advanced  stages  in  most  instances  result  in 
reduced  values.  The  following  levels  were  found:  in  one  case,  2  f ;  in  5  cases, 

;  in  i:  cases,  6-8  iT ;  in  I:  cases,  8-9  1,  and  in  2  cases,  10-ll(f  .  The  more 
advanced  the  illness  is  and  the  poorer  the  general  health  of  the  patient,  the 
lover  the  plasmin  values  arc  apt  to  be. 

In  contradiction  to  the  cases  mentioned,  va  have  found  one  case  of  painless, 
compensated  cirrhosis,  which  was  confirmed  by  biopsy,  a  normal  value  of  13  (fuss 
found.  The  peptase  reaction  in  the  serum  of  £9  units  was  also  normal,  (the  value 
here  is  usually  around  00  units;  increases  usually  indicate  damage  to  the  liver 
parenchyma,  inasmuch  as  enzyme  synthesis  is  not  substantially  restricted  due  to 
atrophy  of  the  parenchyma  (9)). 

The  etiology  of  the  cirrhoscs  was  varied.  V:e  had  to  dual  partly  with  primary 
atrophic  cirrhoses  and  partly  with  cholangiogene  ones;  some  cases  woretdua  to  not- 
completely  cured  hepatitis. 

In  eases  of  transition  from  chronic  henatitis  to  cirrhosis,  one  could 
observed  dec x-euses  in  plasmin  activity  while  peptase  values  were  still  high. 

This  indicates  that  there  is  no  connection  between  plasmin  activity  and  peptase 
activity. 

(i„)  In  cases  of  acute  hepatitis,  the  plasmin  activity  is  in  moat  cases 
increased.  7fc  found  values  between  12  and  29  J' with  a  mean  of  22-21:  y.  In  these 
cases,  the  peptase  values  are  also  increased  and  range  from  80  to  120  units  or 
higher.  In  contradiction  to  this  fact,  it  was  found  that  one  case  of  subacute, 
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ycllov  liver  atrophy  with  jaundice  ami  ascites  ncco.noar 
oi'  all  elements  had  a  plasm  in  value  of  1\>  '  .  ’..then  the 
pi a cm in  activity  returned  to  normal. 

In  many  caces  of  cholangitis  resulting  Iron  severs 
out  detectable  participation  of  the  pancreas,  the  plasm: 
21-  30 y  o  In  most  cases,  the  values  -•.•ore  close  to  23  ^ 


led  by  widespread  destruction 
hepatitis  was  cured ,  the 

cholecystitis  but  with¬ 
in  values  ranged  from 
.  Also  in  cases  of  chol¬ 


angitis  which  persisted  after  removal  of  the  gall  bladder,  the  plas.min  values 
were  elevated  and  wore  the  peptase  values  also. 

In  contrast,  a  plasmin  value  of  only  8  f  was  found  in  long  drawn  out  case  of 
cholangitis  which  had  led  to  a  fine  nebular  cirrhosis  of  the  liver.  At  the  same 
tine,  there  was  tuberculosis  of  the  intestines,  the  peritoneum,  the  pleura,  and 
the  spleen  (autopsy  results).  In  this  case,  the  plasmin  activity  was  markedly 
reduced  as  was  true  with  all  the  other  distinct  cases  of  cirrhosis  of  the  liver 
in  spite  of  tno  continued  cholangitis. 

(6)  In  cases  of  pancreatitis  with  more  or  less  severe  courses,  frecuently 
increased  plasmin  levels  were  detected.  After  recovery f  the  levels  usually  re¬ 
turned  tc  normal  and  in  some  esses  even  t-aca.me  subnormal.  Nine  cases  of  actue 
pancreatitis  were  observed  which  had  plas.min  values  ranging  from  22  to  28  i'  . 
in  one  case,  a  value  of  f  was  found.  The  extremely  strong  breakdown  of  casein 

may  be  due  in  part  to  ths  infiltration  of  pancreatic  trypsin  into  the  blocd  stream. 
Since  the  optima  of  plasmin  and  trypsin  both  lie  between  pH  7.0  and  8.0,  with 
regard;-  to  the  degradation  of  casein,  it  would  be  very  difficult  to  determine  to 
what  degree  active  pancreatic  trypsin  participates  in  the  process  since  trypsin 
is  still  active  at  the  pH  of  the  assay. 

After  healing  has  taken  place  in  cases  of  pancreatitis,  the  plasmin  activity' 
usually  returns  to  normal.  In  one  case,  it  returned  to  1-  In  other  case,  it 
went  as  low  as  ?  )'  . 

.Ir  a  case  of  extremely  severe  pancreatic  necrosis  with  sentic  temperatures. 


no  increases  in  plasmin  activity  van  obsurvuc  a r.-i  it  remained  at  Ik  /  .  The 
patient  alert  two  weeks  after  admission.  Tn  this  cose,  the  necrosis  was  so 
strong  that  only  small  fragments  of  the  par.oreasc  ware-  left  by  the  time  of 
autopsy.  It  is  quite  likely  that  the  relatively  low  plasmin  activity  that  was 
observed  was  the  result  of  advances  atrophy  of  the  tissue. 

(?)  "any  other  diseases  exhibited  various  plasmin  activities.  From  the 
results,  it  was  concluded  that  the  clinical  diagnosis  in  itself  could  not  be 
considered  decisive-  ai  d  that  one  must  also  consider  special  individual  factors 
and  the  peculiarities  of  the  course  of  the  disease.  Vith  regards  to  malignant 
tumors  and  leukemias,  the  following  results  ware  obtained: 

(a)  Nine  cases  of  malignant  tumors  (mostly  carcinomas)  gave  increased  values 

ranging  between  21  and  273'’.  Among  those  cases,  there  wore  four  cases  of  stomach 
carcinoma  ar.c  one  case  each  of  the  following:  carcinoma  c-f  the  rectum,  of  the  colon 
and  of  the  pancreas,  ovarian  carcinoma,  and  mesothelium  of  the  p'  jneuia.  In  most 

cases,  there  was  advanced  metastasis  of  the  liver  and  in  some  c.-»ros  also  of  the 
peritoneum. 

(b)  In  the  following  three  cases,  there  were  normal  plasmin  values  which 
were  between  18  and  20  Y  :  bronchial  carcinoma  with  pur plant  bronchitis  and 
extrusive  metastasis  in  various  organs;  pancreatic  carcinoma  with  liver  metastasis 
and  jaundice;  ovarian  carcinoma  with  metastasis  of  the  lung  and  skeleton. 

(c)  Subnormal  plasmin  values  were  observed  in  eight  cases:  stomach  cirrhosis 
with  netastases  in  the  peritoneum  and  cachexia;  colon  carcinoma;  pancreatic  car¬ 
cinoma;  stomach  carcinoma  with  ulcers  and  extended  metast-ases  in  various  organs; 
hypernephroma ;  carcinoma  of  the  bile  duct;  mammary  carcinoma  with  skeletal  me¬ 
tastasis;  bronchial  carcinoma  with  carcinomas  of  the  lymphatic  ganglions. 

Strikingly  frequent  are  increased  plasmin  values  in  the  case  of  malignant 
tumors  cf  the  abdominal  organs  with  met.astascs  of  the  liver  and  the  peritoneum; 


abnormal  values  are  frequently  observed  in  cases  of  advanced  cachexia. 


(/>)  In  four  cases  of  lymphadenitis  with  more  than  1'vO, HCO  leucocytes  per  ml 
of  peripheral  blood,  increased  plasmin  activity  values  ran;'?. iv-  from  21  to  25  }' 
were  found.  Another  fear  cases  gave  normal  values  ranging  between  12  and  18 
Two  of  those  cases  had  more  than  120, OCC  leucocytes  per  ml  and  two  r.on-lcukemic 
eases  had  2,000  and  3,600  leucocytes  per  ml. 

Values  between  a  end  11  S  wore  found  in  four  cases  with  quite  different 
leucocyte  counts  in  the  peripheral  blood.  Correlations  between  plasm in  values, 
cell  counts,  and  hemoglobin  content  could  not  be  mace. 

Two  cases  of  myotonic  leukemia  with  176,fiCQ  and  296,000  leucocytes  per  ml 
gave  normal  values  of  17  and  IS  f  respectively, 

(9)  Sporadic  determinations  of  plasm! r.  levels  were  also  performed  in  cases 
involving  numerous  other  diseases.  Partly  increased,  partly  normal,  and  partly 
subnormal  levels  were  found  here  also.  Generally,  there  were  no  characteristic 
patterns  of  increased  or  decreased  plasnin  activity.  In  this  regards  it  should 
te  mentioned  that  phlegmonas  or  ether  purulent  processes  with  surgical,  treatment 
gave  r.o  increased  plas.nin  activities. 

■  'With  regards  to  cases  of  pneumonia,  it  was  found  that  t.bere  were  normal  levels 
in  the  febrile  stage  and  increased  levels  after  the  fever. 

We  are  confident  that  after  thorough  group  determinations,  characteristic 


patterns  of  increased  or  decreased  plasm  in  act.ivitv  will  be  found. 


GENERAL  gOPCTuflOWd 

PI  asm,  in  values  determined  in  the  case  of  a  variety  of  diseases  show  a  wide 
range  of  differences.  They  can  be  as  low  as  1  to  2  >'  (Lipoid  nephrosis,  liver 
cirrhosis)  or  as  high  as  3C'lT  (hepatitis,  cholangitis,  pancreatitis).  The  single 
case  of  pancreatitis  which  gave  a  value  of  $h  should  not  he  considered  here 
since  the  possibility  exists  that  active  pancreatic  trypsin  had  entered  the  bloc-d 


stream 


Tl'.o  interpretation  of  nil  the?  results  using  a  can  .on  beets  is  not  nosoible 
at  this  tine,  rroteir.ases,  which  are  active  at  neutral  or  alkaline  nil's,  have 
been  .found  in  leucocytes,  spleen,  and  in  other  organs  in  tree  amounts  (v).  It 
is  possible  that  in  addition  to  other  ncscr.chynlc  elements,  the  reticuloendo¬ 
thelial  systems  also  participates  in  the  biosynthesis  of  plasmin.  This  is 
confirmed  by  the  action  of  polypeptidase  and  pi  asm  in  in  cases  of  hepatitis  and 
cirrhosis  of  the  liver. 

Generally,  one  can  assume  that  in  cases  of  infectious  hepatitis,  the  reticulo¬ 
endothelial  systems  is  affect  first  before  the  parenchyma.  Tn  acute  stages  of  the 
disease,  plasmin  activity  as  veil  as  the  polypeptidase  activity  is  markedly 
increased  as  a  lesult  of  the  inflammatory  process.  As  the  hepatitic  progresses 
into  the  chroni"  stage  and  Ultimately  into  cirrhosis,  the  values  decreas  for 
boch  plasmin  activity  and  polypeptidase  activity.  By  this  time,  the  polypepti¬ 
dase  activity  has  returned  to  normal  and  ranges  between  30  and  6 $  units.  The 
plasmin  values,  however,  became  subnormal  and  can  be  extremely  low  in  cases  of 
progressive  cirrhosis. 

It  can  be  seen,  therefore,  that  the  activities  of  plasmin  and  polypeptidase 
do  not  decrease  at  the  same  rate.  Tn  this  respect,  there  is  no  correlation 
between  these  enzymes.  This  fact  is  also  confirmed  bv  the  observation  that  during 
the  transition  from  heoatitis  to  the  chronic  stage  and  then  to  cirrhosis,  the 
plasmin  activity  can  become  markedly  decreased  while  the  polypeptidase  activity 
is  still  above  normal.  A  reasonable  conclusion  to  draw  from  these  observations 
is  that  plasmin  and  polypeptidase  are  synthesized  by  different  tissue  elements. 

In  this  respect,  one  can  assume  that  the  polypeptidase  and  other  enzymes  also 

i 

are  synthesized  in  the  liver  parenchyma.  In  the  case  of  plasmin,  it  is  likely 
that  the  mesenchymic  elements  are  involved  particularly  the  reticuloendothelial 
system,  which  is  also  destroyed  in  cases  of  progressive  cirrhosis. 


In  this  connection,  it  should  Ic  noicd  that  tha  rc-ti culcondcthelial  is  con¬ 
sidered  to  be  a  relatively  primitive  tins’  a  frem  a  .  .ylcgcnctie  viewpoint.  It 
may  be  possible,  therefore,  that  pl.-.s.uin  car:  bo  considered  to  bo  a  prot  inane 
which  has  not  yet  been  differentiated  end  whoso  pH  optimum  lies  near  neutrality 
like  chose  of  the  bacteria.  This,  is  in  contrast  to  the  digestive  proteinoses 
and  the  cothepcins  which  have  pH  optima  at  significantly  high  or  loo  pH's. 

As  a  result,  a  close  relationship  between  biochemistry  and  morphology  is  assumed. 

The  fact  that  in  cases  of  leukemia  and  purulent  inflammations,  the  plasmin 


activity  is  only  rarely  increased  or  not  at  all  doss  not  comply  with  one's 
expectations,  as  one  is  dealing  here  with  irritations  of  the  leucocyte  system. 
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One  must  remember,  however,  that ''treatment  with  bacteriostatic,  antibiotic,  and 
cytostatic  agents,  the  biochemical  and  immunobiolcgical  processes  are  most 
certainly  altered. 

Haring  recent  years,  Tolkmitt  has  been  extensively  engaged  in  plasmin 
determinations.  The  values  that  he  obtained  in  cases  of  hepatitis  and  other 
diseases  correspond  closely  with  the  one  that  we  have  obtained.  A  critical 
summary  of  Lhw  domestic  and  foreign  "H  lvraf.tv>-.»  can  be  found  in  his  papers. 

Determinations  of  plasmin  levels  should  not  be  carried  out  sporadically. 
Considering  the  sensitivity  of  the  method,  reliable  results  can  only  be  obtained 
when  the  determinations  are  performed  contincusly  in  series  and  by  using  controls. 
In  this  way,  one  can  determine  often  plasmin  levels  in  sera  from  patients  with 
cirrhosis  of  the  liver  and  extended  cholangitis.  Thus,  one  would  generally  find 
subnormal  or  elevated  values  when  using  unobjectionable  techniques. 

’  Moreover,  it  must  be  remembered  that  the  plasmin  level  changes  very  little 
in  the  case  of  chronic  diseases.  The  cose  of  lipoid  nephrosis  which  was  previously 
described  served  as  a  confirmation  of  the  dependability  of  our  method  ^cr  deter¬ 
mining  plasmin  activity. 


If)  this  nrtic.lc  is  described  n  net hod  for  plasmin  determine. t:l on  vhi eh  is 
suitable  i’or  clinical  go  rial  i  r.vecti  rations.  Tn  this  method,  plasmin  is  acti¬ 
vated  by  the  addition  of  acetone  to  the  native  sorer..  The  experimental  setup 
is  carried  out  in  one  step.  This  results  in  r.  simple  technique  and  a  caving 
of  time.  The  technical  pecularities  and  the  sources  of  error  have  been  described 
in  detail. 

In  most  coses  of  infectious  hepatitis,  protracted  cholangitis,  and  pancrc-a»> 
titis,  the  plasmin  activity  is  increased.  It  is  usually  decreased  in  cases  of 
nephroses  and  cirrhosis.  In  other  diseases,  deviations  from  normal  can  often 
he  noted.  However,  it  has  net  yet  boon  possible  characterise  regular  patterns 
in  these  diseases.  In  part,  individual  factors  may  determine  the  level  of 
plasmin  activity. 

LITERATURE 

(1)  Christensen,  L.R.  and  C.M..  MacLeyd,  J.  Gen.  Physiol.  28:  559  (19h5). 

(2)  Flaschentrager,  B,  and  E.  Lehnartz,  Physiol.  Chemie,  p.  739,  Berlin-Gottingen- 
heideiberg,  1951* 

(3)  I'oid.  Physiol.  Chemie.,  p.  663. 

(h)  Karx,  R.  and  H.  Bayerie,  Hoppe-Seylers  Zschr.  Physiol.  Chem.  283:  2l5  (19^6). 

(5)  Oppenheimer,  C.  Hdb.  d.  Bicch,  Erganzungswerk  (Handbook  for  Biochemistry, 
supplement  I)  hCl,  h?5,  and  1:35,  Jena,  1933. 

(6)  Schierge,  M.  Zschr.  Inn.  Ked.  11:  799  (1956). 

(7)  Ibi d .  Zschr.  Inn.  Ked.  9:  1123  (1951). 

(8)  .'old.  Zschr-.  Inn.  Med.  11:  2h7  (1956). 

(5)  ibid.  Zschr.  Inn.  Ked.  lh:  15G  and  1083  (1959). 

(1C)  Sbeoouhn,  0.  and  X.  Utkin-Ljubovzow,  Biochem.  Zschr.  169:  100  (1926), 

153V  90  and  103  (1927). 


(11)  Toll  mitt,  U.  Inaugural  Address  of  the  Medical  Academy  "Carl  Gustav  Cams", 
Dresden,  1962. 


